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Predictors of stroke in patients receiving chronic hemodialysis
KuNIT0sHI ISEKI and KosHIRo FUKIYAMA
Dialysis Unit and Third Department of Internal Medicine, University of The Ryukyus, Okinawa, Japan
Predictors of stroke in patients receiving chronic hemodialysis. To
identify the risk factors of stroke in patients receiving maintenance
hemodialysis, we conducted a prospective study on patients in Okinawa,
Japan. Patients with end-stage renal disease who were treated with
maintenance hemodialysis before the end of 1990 and were alive on
January 1, 1991 (N = 1,243) were studied. Medical records and pertinent
data as of January 1, 1991 were compiled. All occurrences of stroke were
recorded throughout the follow-up period, and until the end of 1995. The
duration of observation was 5,110.3 patient-years. A total of 90 cases of
stroke were observed, including 63 (70.0%) cerebral hemorrhage, 20
(22.2%) cerebral infarction, and 7 (7.8%) subarachnoid hemorrhage.
Multiple logistic analysis identified hypertension as an independent pre-
dictor of stroke, with an odds ratio of 2.38 and a 95% confidence interval
from 1.26 to 4.50. The present study demonstrates that the high incidence
of stroke is at least partially explained by insufficient control of hyperten-
sion. Every effort to control hypertension is warranted in chronic dialysis
patients.
Cerebrovascular disease is a common cause of death in chronic
dialysis patients [1]. We previously reported that the risk of stroke
was five-times higher in chronic dialysis patients than in the
general population [21, but the reasons remained unclear.
Whereas gender and age have been identified as risk factors of
stroke among chronic dialysis patients, factors that are treatable
have not been identified.
At the beginning of dialysis, most patients are hypertensive.
However, this hypertension is controlled by maintaining dry
weight, which is defined as the body weight of which blood
pressure reduces to hypotensive levels during ultrafiltration in the
absence of other causes of hypotension [3]. Recently, an increas-
ing number of older and sicker patients have been accepted for
chronic dialysis, and who often have long-standing hypertension
[1, 4, 5]. Accordingly, investigators have experienced difficulty in
controlling hypertension [6, 7], with the exception of one center
[8]. Malnutrition is also prevalent in chronic dialysis patients
[9—11] and may play a role in the incidence of stroke [2, 9].
In the present study, we report the results of a five-year
prospective investigation of the incidence of stroke in chronic
dialysis patients in order to identify risk factors.
Methods
Subjects
All hemodialysis patients alive on January 1, 1991 in Okinawa,
Japan were considered in the present study and were followed up
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until December 31, 1995. The demographics of this patient
population were published previously [1, 2, 9]. Briefly patients
with end-stage renal disease who survived at least one month of
dialysis were registered as chronic dialysis patients in the Okinawa
Dialysis Study (OKIDS) registry. Between 1971 and 1990, a total
of 1,982 patients were registered (824 females and 1,158 males).
Patients who died (N = 605), underwent renal transplant (N =
75), were transferred (N = 23), or were placed on CAPD (N =36)
were excluded. Thus, a total of 1,243 patients (524 females, 719
males) were receiving maintenance hemodialysis as of January 1,
1991, when the study period began. All outcomes were known and
confirmed. Characteristics of the patients at the start of the study
are shown in Table 1. The mean (:t suM) age was 52.2 0.4 years,
ranging from 13 to 93 years. It was 50.5 0.5 years in male and
54.7 0.7 years in female. The mean duration of hemodialysis
treatment was 61.9 1.4 months, ranging from 1 to 233 months.
The number of diabetic nephropathy patients was 211 (17.0%). In
1,041 patients (83.7%) dialysis was done three times per week and
in 708 patients (57.0%) the dialysis time was 3.5 to 4.0 hours per
session. Bicarbonate solution was used as the dialysate in all
patients. Re-use of a dialyzer is not permitted in Japan. A baseline
blood pressure was taken to establish blood pressure status that
was a predialysis reading on January 1, 1991 [12, 13]. Hyperten-
sion was defined either as a diastolic blood pressure of 90 mm Hg
or higher, systolic blood pressure of 140 mm Hg or higher, or
cases in which treatment for hypertension had been implemented.
Dyslipidemia was defined as serum cholesterol greater than 220
mgldl or less than 150 mg/dl, or serum triglyceride greater than
180 mgldl or less than 40 mg/dl. The presence of predialysis
comorbid conditions, including history of stroke, was determined
by a review of medical charts and by interviews with the physicians
in charge.
To obtain accurate case updates, we regularly visited the 34
dialysis units that cover the entire Okinawan area at least four
times each year. Reports of suspected stroke were submitted by
the physicians in charge. We reviewed and registered charts
according to previously reported diagnostic criteria [2, 14]. Diag-
nosis of stroke was both by clinical symptoms and CT brain scan.
CT brain scan was performed in almost all patients with clinical
disorders of stroke [151. The time after the initial clinical symp-
toms of stroke was less than 48 hours, and if needed the CT scan
was repeated. Therefore, we registered only definite cases of
stroke presented both CT brain scan and clinical symptoms. Both
first-ever and subsequent strokes were registered. The 30-day
case-fatality rate was determined. The incidence of stroke was
calculated as the total number of cases divided by the total
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Variable
Stroke
Presence
N = 90
Absence
N = 1,153 P Value
Male %
Age years
Duration of dialysis months
Dose of dialysis m2hr/W
Body height meters
Body weight kg
Body mass index kg/rn2
Blood urea nitrogen mg/dl
Serum creatinine mg/dl
Total protein g/dl
Serum albumin g/dl
Total cholesterol rng/dl
Triglyceride rng/dl
Serum uric acid rng/dl
Systolic blood pressure mm Hg
Diastolic blood pressure mm Hg
Smokers %
Drinkers %
Antihypertensives %
Diabetes mellitus %
History of stroke %
59 (65.6)
54.4 1.2
73.4 5.6
19.5 0.7
1.56 1.0
52.6 1.0
21.5 0.3
82.4 2.0
13.1 0.3
6.6 0.06
3.8 0.04
168.9 4.2
158.8 10.5
8.2 0.2
158.0 2.0
83.2 1.2
27 (30.0)
15 (16.7)
59 (65.6)
18 (20.0)
4 (4.4)
660 (57.2)
52.1 0.4
61.3 1.5
18.2 0.2
1.56 0.3
53.1 0.3
21.6 0.1
86.2 0.6
13.2 0.1
6.5 0.02
3.9 0.01
171.1 1.2
162.0 3.4
8.2 0.1
151.0 0.7
80.8 0.4
262 (22.7)
243 (21.1)
587 (50.9)
194 (16.8)
39 (3.4)
NS
NS
0.043
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
0.001
0.05
NS
NS
0.007
NS
NS
observation period per 1,000 patient-years. The observation pe-
riod was taken as the duration of dialysis during the study period.
Thus, the observation period was calculated from the beginning of
the study on January 1, 1991, until death, renal transplantation,
patient transfer outside of the Okinawa area, or December 31,
1995. Cases of stroke occurring after renal transplantation were
not considered.
Statistical analysis
A Student's t-test and a chi-squared test were performed to
compare data of patients who had strokes with the data of patients
who did not have strokes. The survival curve and the cumulative
incidence of stroke were determined using the Kaplan-Meier
method. Variables found to be significant were used in a logistic
analysis model using an SAS package. The dependent binary
variable in this model was presence (1) or absence (0) of stroke.
Variables that did not meet 5% significance level were deleted
from the model. Data are expressed as mean SEM.
Results
Of the 1,243 patients considered, 342 (27.5%) died, 45 (3.6%)
underwent renal transplantation, and 12 (1.0%) were transferred
outside of Okinawa by the end of 1995. The total duration of
observation was 5,110.3 patient-years (2987.0 in males and 2123.3
in females). Four patients died after renal transplantation, due to
infection (2) or stroke (2). The five-year survival rate was 71.7%.
Cause of death was cardiac in 78 (22.8%) patients, infection in 62
(18.1%), withdrawal in 56 (16.4%), sudden death in 26 (7.6%),
vascular in 67 (19.6%), and others in 53 (15.5%). No definite case
of cerebral embolus was found.
During the five-year study period, we registered 90 cases (59
0 12 24 36 48
Duration of observation, months
Fig. 1. Cumulative incidence of stroke curve, calculated by Kaplan-Meier
method. Figures above line are number of dialysis patients at risk.
Stroke
Cerebral .Subarachnoid
hemorrhageHemorrhage Infarction
Number of patients
male/female 59/3 1 43/20 14/6 2/5
Incidence
per 1,000
patient-years
Age at onset, years
mean
17.6
56.8a
12.3
54.Sa
3.9
63gh
1.4
545
SEM 1.2 1.4 2.2 5.0
Diabetes mellitus 18 9 8 1
% (20.0) (14.3) (40.0) (14.3)
men and 31 women) of stroke. The type of stroke was cerebral
hemorrhage in 63 (70.0%) patients, cerebral infarction in 20
(22.2%), and subarachnoid hemorrhage in 7 (7.8%). The cumu-
lative incidence of stroke increased linearly, reaching approxi-
mately 8.6% after five years (Fig. 1). The 30-day stroke mortality
rate was 74.4%, which is higher than that of the general popula-
tion (12.3%) [141.
Table 1 shows the clinical characteristics of the patients at the
start of observation on January 1, 1991. No difference was
observed in serum chemistry between patients with or without
stroke. Both systolic and diastolic blood pressures were higher in
the presence of stroke than in the absence of stroke. The
incidence of stroke, cerebral hemorrhage, cerebral infarction, and
subarachnoid hemorrhage were 17.6, 12.3, 3.9, and 1.4 per 1,000
patient-years, respectively (Table 2). The male-to-female ratio of
the incidence was 1.4, 1.5, 1.7, and 0.3, respectively. Similarly, the
age-adjusted male to female ratio of the annual incidence was 1.7,
2.1, 1.7, and 0.5, respectively, in the general population in
Okinawa [14]. The age at onset of stroke, cerebral hemorrhage, or
cerebral infarction was significantly lower than in the general
Table 1. Comparison between clinical demographics of patients with
stroke and without stroke during the follow-up period (January 1, 1991
to December 31, 1995)
824
901
0.10
ci)o 0.08C
ci)
()
. 0.06
ci)>
0.04
0.02
0.00
955
1,043
60
Parentheses denote percentages. NS is not significant.
Cross sectional survey on laboratory and clinical variables was per-
formed on January, 1991. Data are expressed as mean SEM.
Table 2. Characteristics of stroke cases
Significance was tested by Welch's test using data from general popu-
lation.
a P < 0.001, and hP < 0.02 compared to general population [141
1674 Iseki and Fukiyama: Stroke predictors in I-ID patients
Table 3. Mean (sEM) age of the dialysis patients in each group of
baseline blood pressure
Ageyears
Systolic blood
mmHg
pressure Diastolic blood
mmHg
pressure
<140 140—159 160 <80 8—89 90
Mean 53.3 51.8 52.1 57.5 51.9 47.2
SEM 0.8 0.7 0.6 0.7 0.6 0.7
Table 4. Multiple logistic analysis of clinical predictors of stroke in
chronic hemodialysis population
Predictor
Odds ratio (95% confidence interval)
Unadjusted Adjusted"
1.22 (0.75—1.99)
1.16 (0.97—1.38)
2.38 (1.26—4.50)
1.14 (0.63—2.06)
1.35 (0.81—2.24)
0.96 (0.6 1—1.52)
1.24 (0.93—1.67)
1.42 (0.91—2.23)
1.10 (0.94—1.30)
2.41 (1.30—4.49)
1.24 (0.72—2.12)
1.46 (0.91—2.34)
1.01 (0.64—1.58)
1.13 (0.86—1.50)
N=54 1
25
20
15
10
5
0
N=298 N=404
<140 140—159 160
Systolic blood pressure, mm Hg
Fig. 2. Cumulative incidence of stroke (U) and cerebral hemorrhage ()
based on initial systolic blood pressure levels.
population. Table 3 shows the mean (suM) age of the dialysis
patients in each group of baseline blood pressure.
The results of logistic analysis are shown in Table 4. Presence of
hypertension was identified as a significant predictor of stroke.
Hypertension was present in 919 (73.9%) patients, and dyslipide-
mia in 813 (65.4%). Incidence of stroke increased with increasing
blood pressure (Figs. 2 and 3). In patients with a diastolic blood
pressure more than 90 mm Hg the incidence of stroke declined.
Discussion
Long-term dialysis is well-known as a life saving and rehabili-
tating therapy for end-stage renal disease. Despite universal
recognition of the role of hypertension in stroke, opinions vary
regarding the relative importance of hypertension in chronic
dialysis patients. Usually hypertension can be controlled by vol-
ume depletion and attaining "dry weight" at the start of dialysis
[16]. However, dry weight was originally defined in consideration
of young patients without comorbid conditions [3]. Recently,
more elderly and sicker patients have been accepted for dialysis
treatment and these patients often become hypotensive during
dialysis despite volume excess. Unless performing long-slow dial-
ysis [8], many units have difficulty controlling hypertension in this
group of patients [6, 7].
The present study identifies an alarming risk of hypertension in
the chronic dialysis population. The risk of stroke increases with
increasing blood pressure. Neither a J-shaped nor a U-shaped
relationship was observed between the incidence of stroke and
blood pressure (Figs. 2 and 3), which probably reflects the high
Male
(vs. Female)
Age (vs. < 35 years)
10-year increments
Hypertension
(vs. normotension)
Diabetes mellitus
(vs. nonDM)
Smoker
(vs. nonsmoker)
Dyslipidemia
(vs. normal)
Duration of dialysis
(vs. < 60 months)
DM is diabetes mellitus. Hypertension is defined as diastolic blood
pressure 90 mm Hg or higher, systolic blood pressure is 140 mm Hg or
higher, or treatment of hypertension already implemented. Dyslipidemia
is defined as serum cholesterol more than 220 mg/dl or less than 150 mg/dl,
or serum triglyceride greater than 180 mg/dl or less than 40 mg/dl.
Duration of dialysis is categorized as < 60 months, 60 to 119 months, and
 120 months.
Adjusted for other predictors
25
20oqq)
15
100
°a5
0
N=426 N=396
<80 80—89 90
Diastolic blood pressure, mm Hg
Fig. 3. Cumulative incidence of stroke (U) and cerebral hemorrhage ()
based on initial diastolic blood pressure levels.
mortality rate in patients with low blood pressure. Most cancer-
related deaths occurred within the first five years of dialysis [17].
The incidence of stroke in normotensive dialysis patients was
also high, suggesting involvement of the uremic environment.
Dialysis patients are in a closely supervised situation compared
with the general population, and thus there may unusual oppor-
tunities for better detection. However, we may miss those with
asymptomatie stroke [15]. In hemodialysis patients, vessel wall
distensibility of the common carotid artery was shown to be lower
than that of age-matched healthy subjects [18]. Greater stiffness of
the arteries may contribute to the higher incidence of stroke. In
dialysis patients, the atherosclerotic process is sometimes en-
hanced [19]. A phenomenon that supports this hypothesis is that
N=421
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the mean age of occurrence of stroke, especially in patients with
cerebral hemorrhage, was younger than in the general population.
The 30-day stroke mortality rate was higher than that of the
general population in Okinawa. This could be explained by the
fact that the size of the lesion of hemorrhage tends to be larger
than that of the general population [2, 20]. Possible causes of
these phenomenon are the use of heparin for hemodialysis and
platelet dysfunction due to uremia [21].
Levels of serum cholesterol and albumin were rather low in
stroke cases, although it were not significant. Protein malnutrition
has been ascribed to higher incidence of cerebral hemorrhage
among both the general population [22, 23] and dialysis patients
[10]. However, dyslipidemia was not an independent predictor of
stroke by the multiple logistic analysis (Table 4).
Although age is an independent risk factor of stroke in the
general population, this relationship was not observed among
chronic dialysis patients, which can be explained either by the high
death rate in aged dialysis patients or by the relatively large
number of young patients with poor control of blood pressure
(Fig. 3).
In Japan, stroke-related death rate has decreased by 75% in the
past 30 years. The exact reasons for this phenomenon are not
clear, but increased attention to the risk of stroke, as well as
nutritional and economic improvement, are probably involved
[24]. Striking changes in diet include decreased salt intake and
increased animal protein intake.
The risk of stroke in chronic dialysis patients is far greater than
in the general population, and candidates for chronic dialysis
should be informed about this risk. Physicians should persuade a
high risk patient to restrict salt intake and to comply with the
antihypertensive medication. Switching to a long-slow dialysis [8]
would be another alternative in these patients. Predialysis blood
pressure levels conventionally considered to be acceptable are too
high for the dialysis population. It remains unclear whether renal
transplantation is more advantageous than dialysis. In view of the
present findings and the increasing population of chronic dialysis
patients, more attention should be paid to the control of hyper-
tension in this group.
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